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Wildlife forensicsSixty-three percent of the world's cycad taxa are threatened with extinction. In South Africa, 25 of the 38 in-
digenous species are categorised as Threatened on the IUCN Red List, primarily due to illegal collecting. Three
of the country's Encephalartos species are already Extinct in the Wild, while 10 Critically Endangered endemic
Encephalartos species are undergoing rapid local extirpations across their ranges. Nearly two-thirds of South
Africa's Encephalartos species are used for traditional medicine, some of which are sold in traditional medi-
cine markets in the form of bark strips and stem fragments. The leaﬂess Encephalartos stems encountered
in the medicinal and horticultural trades are generally difﬁcult to identify to species and, since species iden-
tiﬁcation of South African Encephalartos using DNA barcoding is not yet feasible, alternative methods of iden-
tiﬁcation are required. To determine the identity of the species sold in South Africa's two largest traditional
medicinemarkets in KwaZulu-Natal (KZN) andGauteng, surveyswere conducted in theWarwick and Faradaymar-
kets respectively. Stem fragment samples purchased from the vendors in the markets were identiﬁed to species
using stemand leaf basemorphological characters in tandemwith harvesting locality records. Six KZN Encephalartos
specieswere successfully identiﬁed viz. E. ferox, E. ghellinckii, E. natalensis, E. ngoynaus, E. senticusos and E. villosus.
Photographs of stem fragments and leaf bases of each species are presented here with supplementary quantitative
and descriptive stem anatomical data. This paper therefore presents an identiﬁcation guide to assist researchers and
law enforcement ofﬁcers in the identiﬁcation of Encephalartos species unlawfully harvested for the traditional med-
icine and horticultural trades. The guide is thus also useful in the emerging discipline of wildlife forensics, and offers
a unique approach to determining difﬁcult-to-identify Encephalartos stem material.
© 2012 SAAB. Published by Elsevier B.V. All rights reserved.1. Introduction
Cycads are the world's most threatened group of plants; 63% of the
303 extant cycad species assessed in 2010 are threatened with extinc-
tion (Hoffman et al., 2010; IUCN, 2010). Comparative analysis of the
Red List Index (RLI) for the world's cycad taxa shows that from
1997 to 2009, Africa has consistently been the region with the
greatest threats to wild cycad populations (Donaldson, 2011). Over
half of Africa's cycad species are found in a critical centre of cycad
diversity in South Africa (Donaldson, 2008), where the two African
cycad families represented – the Zamiaceae and Stangeriaceae – are
the most threatened plant families in the country (Raimondo et al.,
2009).
There are 38 cycad species indigenous to South Africa (37
Encephalartos spp. and Stangeria eriopus T. Moore), 29 of which are
endemic (Donaldson, 2008). Twenty-ﬁve of the taxa occurring in
South Africa are classiﬁed nationally as threatened (Donaldson,
2009), 10 of which are Critically Endangered (CR). Three endemice).
, vivwill@netdial.co.za
ski).
by Elsevier B.V. All rights reservedspecies (Encephalartos brevifoliolatusVorster, Encephalartos nubimontanus
P.J.H.Hurter and Encephalartos woodii Sander) are Extinct in the Wild
(EW) (Raimondo et al., 2009). Ongoing dramatic declines and local
extirpations are pervasive across the wild populations of South African
cycads (Donaldson and Bösenberg, 1999), largely due to illicit collecting
of wild plants that enter the poorly-regulated horticultural trade
(Donaldson, 2003, 2008, 2011). Consequently, the situation has re-
cently been termed the “South African cycad extinction crisis”, and
the country is at risk of losing approximately 50% of its cycad species
in the immediate to near future (M.F. Pfab, SANBI Scientiﬁc Authori-
ty, pers. comm.).
One of the major obstacles to effective cycad monitoring in South
Africa is the difﬁculty associatedwith determining the correct identity
of the Encephalartos spp. in the horticultural and traditional medi-
cine (TM) trades, more speciﬁcally stems that are illegally trafﬁcked.
Many Encephalartos spp. are morphologically similar and closely re-
lated species are often difﬁcult to distinguish from one another, even
when leaves and/or cones are present (Golding and Hurter, 2003;
Grobbelaar, 2004). Differentiating southern African Encephalartos spp.
is complicated further by the existence of several ‘species complexes’
that comprise one or more closely related and morphologically similar
species (e.g. the Encephalartos cycadifolius (Jacq.) Lehm. complex sensu.
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at the species level where cycad aﬁcionados distinguish various ‘forms’
or ‘variants’within species (Grobbelaar, 2004). These ‘forms’ are usually
from subpopulations of subtly dissimilar entities of a single species oc-
curring at separate localities (e.g. the 11 variants of E. nubimontanus
sensu De Klerk, 2004).
The Encephalartos specimens encountered in the horticultural
trade are often uprooted stems with neither leaves nor cones
(Fig. 1a). In TM markets, however, cycads are sold as chopped-up
stems and/or ‘bark’ strips (Donaldson, 2008; Cousins, 2012; Cousins
et al., 2011, 2012) (Figs. 1b & 2a). Hence, the physical state of the
Encephalartos material in both trades renders determining the actual
species sold exceptionally challenging (Cousins et al., 2012). This dif-
ﬁculty is of particular concern in the horticultural trade, where nu-
merous illegally-collected Encephalartos taxa change hands on a
regular basis (Donaldson, 2008). Unlawfully-harvested rare species
are often purposefully misidentiﬁed as more common species that
are unlikely to raise suspicions among law enforcement ofﬁcers
(Donaldson, 2008). Such misidentiﬁcations may have dire conse-
quences for the wild populations fromwhich the cycads are collected,
especially since many highly sought-after species and variants thereof
naturally occur in low abundance and have extremely restricted geo-
graphical ranges (Donaldson, 2003). Hence, an improved forensic ap-
proach to rapid routine cycad identiﬁcation is required in order to
circumvent these problems.
While the illegal collection of South African cycads for the horticul-
tural trade is by far the greatest threat to their survival in the wild,
they are also impacted by harvesting for TM (see Fig. 1b), which affects
at least 23 Encephalartos spp. and S. eriopus (Cousins et al., 2012). The
correct identiﬁcation of the Encephalartos spp. present in both trades
is therefore crucial for monitoring and their in situ conservation. The
most accurateway to identify cycads to specieswithout diagnosticmor-
phological features would be to use DNA barcoding techniques (Sass et
al., 2007). Barcoding involves the direct use of selected genomic regions
in order to assign unknown individuals to species and enhance the dis-
covery of new taxa (Moritz and Cicero, 2004; Nicolalde-Morejón et al.,
2011). For highly threatened plants such as cycads, barcoding could
offer an especially useful forensic tool to enhance species conservation
(Sass et al., 2007). Ideally, barcodes could assist in identifying illegally
obtainedmaterial even if diagnostic features have been purposefully re-
moved, or to ensure that conﬁscated plants are reintroduced to their
genuine population(s) of origin (Sass et al., 2007).Fig. 1. (a) Leaﬂess Encephalartos ghellinckii stems collected for sale to cycad collectors, c
(b) Adult Encephalartos altensteinii Lehm plant with evidence of damage due to bark harv
(b) John Donaldson.In terms of South African Encephalartos identiﬁcation, pilot studies
on the development of Ampliﬁed Fragment Length Polymorphism
(ALFP) techniques have shown potential, but the technology has
not yet been developed to a stage where it can be implemented
(Donaldson, 2008). Results from a recent DNA barcoding study on 60
of the 65 African Encephalartos spp. showed that 12 species were re-
solved using a three-gene barcode (matK+rbcLa+nrITS; Rousseau,
2010, 2011). Ten of the 12 resolved species were South African en-
demics. While the study revealed that genetic variation in the genus is
very low, the Encephalartos phylogeny is at least somewhat resolved,
and specimens can be assigned to taxon groups usually comprising
less than six species (Rousseau, 2011). However, until species identiﬁ-
cation of South African Encephalartos using DNA barcoding becomes
feasible, and in cases where monetary resources are limited, other
means of identifying the cycads in the TM and horticultural trades are
required.
The aim of this paper is to present a photographic guidewith accom-
panying morphological descriptions as a forensic identiﬁcation tool,
primarily for use by researchers and law enforcement ofﬁcers encoun-
tering illegally harvested South African Encephalartos species. The
guide focuses speciﬁcally on the stem fragments of six KwaZulu-Natal
(KZN) Encephalartos spp. harvested for TM, but the methods described
can be applied to Encephalartos species. in other South African prov-
inces, and potentially other African countries as well.2. Methods
2.1. Market surveys
Surveys were conducted in South Africa's two largest TM markets,
Warwick in Durban, KZN and Faraday in Johannesburg, Gauteng Prov-
ince between April and July 2009. Details of the survey methods are
described in Cousins et al. (2011, 2012). Due to the relative infre-
quency of Encephalartos in the markets, all traders selling specimens
of the genus were interviewed. At both markets, traders were asked
to provide information about the harvesting localities of the cycads
present at their stalls. The locality data was subsequently used in an
attempt to distinguish between species by plotting the place of origin
of each market sample on a national map, which was then overlaid
with the geographical distribution polygons of the 14 extant KZN
Encephalartos spp. (see Cousins et al., 2012). Samples of Encephalartosonﬁscated from plant gatherers by nature conservation ofﬁcials in the Eastern Cape.
esting for traditional medicine (TM). Photographs courtesy of (a) Dean Ricketts and
Fig. 2. (a) A fresh consignment of Encephalartos stem fragments at the Faraday traditional medicine market in Johannesburg. (b) A typical 10 ZAR purchase of Encephalartos stem
material from Faraday.
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2009) were also purchased from each vendor surveyed (Fig. 2b).
2.2. Quantitative analyses
2.2.1. Leaf base measurements
A ten Rand (R10) purchase of Encephalartos typically comprised be-
tween one and six stem fragments, which varied in size and physical
form (Cousins et al., 2011). The most intact stem pieces were near-
complete transverse slices that comprised all four of the tissue types
usually present in Encephalartos stems (leaf bases, cortex, vascular tis-
sue and pith). Some fragments were shaped like triangular pie pieces,
while others were slices that had been hacked in a very irregular man-
ner. ‘Bark strips’ consisted of leaf bases attached to a layer of cortex and
occasionally vascular tissue (see Fig. 2c in Cousins et al., 2011).
All stem fragments possessed leaf bases and, when examined in
detail, clear differences in their shapes, dimensions and colouration
were observed in many cases. In order to quantify and describe
these differences, the dimensions of a sample of three of the upper-
most leaf bases of each fragment were measured (Fig. 3). The leaf
bases were excised from each stem fragment using tweezers and a
sharp knife. Wherever possible, fresh leaf bases were selected in pref-
erence to dried ones since the leaf bases tended to shrivel and curl
upwards as they dried, thereby altering their original dimensions
and colouration. Four measurements were taken for each leaf base:
the length of the outer leaf base surface, tip width, length from base
to tip, and width of point of attachment to the stem (Fig. 3, measure-
ments a–d, respectively).
2.2.2. Stem diameter size class estimation
A specially designed size class chart was used to estimate the orig-
inal stem diameter (SDr) of individual stem sections and bark strips
according to the method described in Cousins et al. (2011). TheseFig. 3. Depiction of the excision of a leaf base from an Encephalartos stem piece, and the fou
width, c = inner length of leaf base, and d = width at base (point of attachment to stem).estimates were then used to infer the size (stem diameter, SDr) of
the plants the stem fragments were originally harvested from. The
mean SDr as well as the SDr range were determined for the market
specimens of each Encephalartos sp. identiﬁed. These SDr ranges
serve as benchmark ﬁgures for each species, and may assist in deter-
mining the identity of market specimens that fall within certain size
ranges.
2.3. Developing the identiﬁcation guide
Stem samples purchased in the markets were sorted into species-
distribution groups (SDGs) according to the regions where they were
reportedly harvested (see Fig. 2 in Cousins et al., 2012). The samples
within each group were then compared with one another using
stem morphological features to distinguish between species. Stem
characters included the size, shape and colour of the leaf bases, the
presence of ‘wool’ between the leaf bases as visible on the external
parts of the stem, the colour of the stem tissues and evidence of
burn marks on the outer parts of the stem indicating charring by
grass ﬁres (Cousins et al., 2012). For each species identiﬁed, the
stem and leaf base characters, together with vernacular name(s), ad-
ditional stem descriptions from the literature, and names of morpho-
logically similar species are listed in Table 2. Photographs of a
representative stem fragment and three leaf bases from each of the
six species identiﬁed were taken (Table 1). A ﬂow chart summarizing
the steps taken in the identiﬁcation process was also produced to be
used in conjunction with the photographs as a ‘quick guide’ if rapid
identiﬁcation is required. The descriptive data in Table 2, plus the
leaf base and SDr measurements in Tables 3 and 4, provide further op-
tions and steps for distinguishing between species. Representative
specimens of the six Encephalartos spp. were lodged in the C.E. Moss
Herbarium at the University of the Witwatersrand, Johannesburg (J)
(see footnote of Table 1).r measurements taken for each leaf base: a = length of outer leaf base surface, b = tip
Table 1
Photographic guide to the stem sections and leaf bases of six Encephalartos species identiﬁed in this study that are sold for traditional medicine in Johannesburg and Durban.
Encephalartos speciesa Stem section Leaf bases
E. ferox
E. ghellinckiib
E. natalensis
E. ngoyanus
E. senticosus
E. villosus
a Voucher specimen numbers: (E. ferox= Cousins 7 J; E. ghellinckii = Cousins 3 J; E. ngoyanus = Cousins 11 J; E. senticosus= Cousins 6 J). Voucher specimens of E. natalensis and
E. villosus (Cousins 8 & 9 J) were also lodged, however they are not the same specimens as those in Table 1.
b Two separate E. ghellinckii stem fragments — one burned (left) and the other unburned (right).
118 S.R. Cousins et al. / South African Journal of Botany 84 (2013) 115–1233. Results and discussion
3.1. Using locality data in tandem with the identiﬁcation guide to identify
Encephalartos species in trade
The ﬁrst step in determining the identity of a leaﬂess Encephalartos
stem, or fragment thereof, is to establish the origin of the specimen as
explicitly as possible. The place of origin can then be compared withthe geographical distribution(s) of the Encephalartos species known to
occur in the vicinity of the harvesting area. If there are multiple speci-
mens from several different harvesting areas, and the locality data is
not very ﬁnely-resolved, the specimens can be sorted into SDGs sensu
(Cousins et al., 2012). In this study, the cycad stem fragments purchased
in the TM markets all originated from KZN and were therefore placed
into appropriate SDGs in that province (see Fig. 4 in Cousins et al.,
2012). The identity of each specimen was then narrowed down to
Table 2
Stem characters and leaf base descriptions used to identify the six KwaZulu-Natal (KZN) Encephalartos spp. commonly traded for traditional medicine in conjunction with the
species-distribution groups identiﬁed by Cousins et al. (2012). (GP = Gauteng Province, EC = Eastern Cape, KZN = KwaZulu-Natal, LP = Limpopo Province, MP = Mpumalanga
Province).
Encephalartos
species
IUCN Red List
Status 2009a
Vernacular name(s)b Stem description Leaf base characteristics and ‘bark’
pattern on outer section of stem
South African Encephalartos
species with morphologically
similar stemsc
E. ferox LC Zulu – umThobane,
uThobani,
isiGqikisomkhovud;
Chihanga (Mozambique)
≤2 m in length and 25–35 cm diameter;
sometimes partially covered in
wind-blown dune sand and/or charred
by grass ﬁres; crown covered in soft,
whitish bracts; occasionally produces
suckers (Goode, 2001; Grobbelaar,
2004).
Leaf bases similar to E. natalensis &
E. senticosus. Short and chunky; upper
surface creamy-yellow when fresh,
burgundy-brown when dry. Irregular
bark pattern consisting of a mixture of
large and small leaf bases.
Species in groups 2,3 & 5–10
sensu Vorster (2004) (26 species
in total)e
E. ghellinckii VU C1 Xhosa – umGuza,
umPhanga; Zulu – isiDawu,
isiGqikisomkhovu,
“Montane form” (or “Giant form”):
≤3 m in length and 35–40 cm diameter;
suckers arise from the base; apex
covered in brown ‘wool’. “Lowland form”
(or “Dwarf form”): ≤10 short, slender,
clustering stems usually ≤1 m long, but
can reach 2 m and 25–30 cm diameter.
Crowns less woolly than montane form.
Charring by grass ﬁres common in both
forms (Goode, 2001; Grobbelaar, 2004).
Leaf bases long, slender, and relatively
ﬂat; upper surface salmon-pink when
fresh, burgundy-brown when dry. Bark
pattern relatively regular, comprising
small, compact leaf base scars generally
uniform in size, with greyish-brown
‘wool’ present between them. Stems
often charred by grass ﬁres.
Species in group 1 sensu Vorster
(2004). (E. brevifoliolatusf(LP);
E. cycadifolius (EC), E. friderici-
guilielmi, E. humilis (MP),
E. laevifolius & E. lanatus
(GP & MP))
E. natalensis NT A2ad Xhosa – umGuza,
umPhanga; Zulu –
isiGqikisomkhovu,
uJobane, uJubane,
umHlungulo,
umNgquabe
≤6.5 m in length, diameter 30–40 cm,
cylindrical. Leaf bases up to 6.5×5 cm;
crown covered in golden-brown wool
particularly prior to leaf and/or cone
emergence (Dyer and Verdoorn, 1951;
Goode, 2001; Grobbelaar, 2004).
Leaf bases broad and chunky; upper
surface creamy–yellow when fresh,
burgundy-brown when dry. Irregular
bark pattern comprising a mixture of
small and large diamond-shaped leaf
base scars. Stems occasionally charred
by grass ﬁres.
E. aemulans, E. altensteinii,
E. heenanii (MP), E. lebomboensis,
E. msinganus, E. paucidentatus
(MP) & E. senticosus
E. ngoyanus NT A2ad Zulu –isiGqikisomkhovu Subterranean and usually single-
stemmed, ≤30 cm in length, diameter
≤20 cm at ground level, dome-shaped
apex. Rarely form suckers, roots of wild
plants generally not stout (Verdoorn,
1949; Goode, 2001; Grobbelaar, 2004).
Leaf bases narrow and short,
burgundy-brown when dry. Small,
compact leaf base scars, relatively
uniform in size.
E. caffer (EC & KZN)
E. senticosus VU A4acd; C1 Swazi– siJekwane; Xhosa –
umGuza, umPhanga;
Zulu –isiGqikisomkhovu,
uJobane, uJubane,
umHlungulo, umNgquabe
≤4 m in length and 30–35 cm diameter,
suckers freely, crown slightly woolly
(Goode, 2001; Grobbelaar, 2004).
Leaf bases short and chunky; upper
surface creamy–yellow when fresh,
burgundy–brown when dry. Irregular
bark pattern consisting of a mixture of
large and small leaf bases. Stems almost
identical to E. natalensis, but leaf base
scars generally not as wide.
E. aemulans, E. altensteinii,
E. lebomboensis, E. msinganus,
E. natalensis, E. paucidentatus
(MP) & E. senticosus
E. villosus LC Xhosa – umGuza,
umPhanga; Zulu –
isiGqikisomkhovu
Subterranean, ≤0.4 m long, apex
covered with grey woolly cataphylls,
rarely produces suckers (Goode, 2001;
Grobbelaar, 2004).
Leaf bases long, wide and relatively ﬂat,
upper surface yellowish-orange when
fresh, blackish-brown when dry.
Irregular bark pattern consisting of
mostly large, roughly oval-shaped leaf
base scars with distinctive fringe of
greyish-brown wool.
E. aplanatus (Swaziland) &
E. umbeluziensis (Swaziland &
Mozambique)
a Raimondo et al. (2009).
b Bandeira et al. (1994), Bonta and Osborne (2007), Moll (1981), Pooley (1997), von Breitenbach (1989).
c Oberprieler (1995), Grobbelaar (2004), Vorster (2004). Provinces/countries of species occurring outside KZN indicated in brackets.
d isiGqikisomkhovu appears to be the generic Zulu name for most, if not all Encephalartos spp., and is sometimes used interchangeably with the name ‘isiDwabasomkhovu’.
e Leaﬂess, coneless stems of the Eastern Cape ‘blue-leaved’ species in groups 2 and 3 sensu Vorster (2004) may be distinguished from the ‘green-leaved’ species in groups 5–10
provided they possess the bases of their petioles at the stem apex. The Eastern Cape blue-leaved species have distinctive grey, cream or brown coloured ‘collars’ at their petiole
bases, whereas the green-leaved species do not.
f Extinct in the Wild (EW).
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the literature, as well as photographs of the stems of KZN Encephalartos
spp. cultivated in botanical gardens. Stem fragments within each SDG
were also visually compared to identify species by a process ofTable 3
Leaf base dimensions of market specimens of four of the six Encephalartos species sold in F
Species Length (mm) Width at base (mm
n Mean±SD Range Mean±SD R
E. ghellinckii 7 39.3±6.6 31.3–47.6 21.2±5.0 1
E. natalensis 34 33.2±11.9 15.1–79.0 41.0±10.4 2
E. senticosus 4 35.2±2.5 31.7–37.8 38.1±7.3 2
E. villosus 14 48.0±8.2 37.3–65.1 47.2±7.2 3elimination. Photographs of the stem fragments and leaf bases of the
six species identiﬁed are presented in Table 1, and can be used as an
identiﬁcation guide, in conjunction with the stem character descrip-
tions (Table 2), leaf base dimensions (Table 3) and the ﬂow chart, toaraday and Warwick. (Refer to Fig. 3 for measurement positions).
) Width at tip (mm) Tip length (mm)
ange Mean±SD Range Mean±SD Range
5.8–30.4 28.3±3.9 23.8–33.7 9.0±2.7 6.0–13.9
4.0–64.5 41.0±8.0 28.6–60.5 21.5±9.0 8.6–51.8
7.7–43.5 41.7±7.5 35.3–52.4 20.5±4.3 16.6–18.7
1.1–55.6 43.4±8.2 28.0–58.2 18.6±4.8 13.5–27.6
Table 4
Stem diameter range of market samples and plants in the ﬁeld for the six KZN
Encephalartos spp. sold in Faraday and Warwick, with mean stem diameters for
E. ghellinckii, E. natalensis and E. senticosus. Only market specimens possessing all
four stem tissue types (leaf bases, cortex, vascular tissue and pith) were measured
and included in the dataset.
Encephalartos sp. Mature cycads in the ﬁelda Market samples
Diameter range
(cm)
Diameter range
(cm)
Mean±SD
(cm)
n
E. ferox 25–35 16b – 1
E. ghellinckii 25–40 14–21 17.6±3.3 5
E. natalensis 30–40 14–20 18.5±3.9 13
E. ngoyanus ≤20 10c – 1
E. senticosus 30–35 17–19 17.8±0.9 3
E. villosus 20–30 17d – 1
a Derived from Goode (2001) and Grobbelaar (2004).
b,c,d Stem diameters of single specimens of E. ferox, E. ngoyanus and E. villosus,
respectively.
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proach could be used to aid the identiﬁcation of Encephalartos stem
fragments or whole stems encountered in the TM and horticultural
trades in the Eastern Cape (EC), Mpumalanga (MP) and Limpopo (LP)
Provinces.
3.2. Distinguishing the six Encephalartos species in the identiﬁcation guide
The six Encephalartos species identiﬁed in this study belong to
three broad species complexes: (1) Encephalartos ghellinckii Lehm.
(Encephalartos cycadifolius complex); (2) Encephalartos villosus
Lem. and Encephalartos ngoyanus I.Verd. (E. villosus complex); and (3)
Encephalartos natalensis R.A.Dyer and I.Verd., Encephalartos senticosus
Vorster and Encephalartos ferox G.Bertol. (E. natalensis complex).
(Strictly speaking, E. ferox is in a category of its own due to its unique
leaf structure, but in terms of its stemmorphology it is similar to species
in the E. natalensis complex.) Leaﬂess stems of the broad, green-leaved
arborescent Encephalartos species in the E. natalensis complex are all
highly similar and therefore very difﬁcult to differentiate (especially
species in groups 5, 6 and 7 in Vorster, 2004). The stem fragments iden-
tiﬁed as E. natalensis and E. senticosus in this study fall into this species
complex and hence, besides their disparate localities of origin and, in
some cases, differences in leaf base size, there were no major morpho-
logical differences between them. The leaf bases of E. natalensis were,
however, often considerably larger than those of E. senticosus.
Encephalartos lebomboensis I.Verd. is another KZN specieswith stems
very similar to those of E. senticosus and E. natalensis. E. lebomboensis
is fairly common in the horticultural trade, and is also known to be
used for TM (Ferreira, 2003), but was not observed in the markets
during this study. The sample identiﬁed as E. ferox originated from
Umhlabuyalingana, where E. ferox is the only Encephalartos species
known to occur (Goode, 2001). The specimen appeared to be the only
one that possessed a sort of papery cuticle around its leaf bases that
tended to ﬂake off when handled (Tables 1 & 2). Papery cuticles may
be a trait speciﬁc to E. ferox; however, more E. ferox stem samples
would need to be examined to verify this. A feature that may indicate
the identity of a given stem sample as E. ferox is the presence of ﬁne
sand lodged between the leaf bases, since the species typically grows
in dune scrub in northern KZN and Mozambique where its stems are
often partially buried in the dune sand (Goode, 2001). In some cases,
charring from bush ﬁres is also observed on the stems of wild E. ferox
plants (S.R. Cousins, pers. obs.).
The E. cycadifolius complex sensu Oberprieler (1995), to which
E. ghellinckii belongs, consists of seven ‘ﬁne-leaved’ South African
Encephalartos species characterised by narrow, almost linear leaﬂets
and woolly cones (Vorster, 2004). The other species in this group
are E. brevifoliolatus (LP), E. cycadifolius (EC), Encephalartos friderici-
guilielmi Lehm. (EC & KZN), E. humilis I.Verd. (MP), Encephalartoslaevifolius Stapf & Burtt Davy (LP & EC), and Encephalartos lanatus
Stapf & Burtt Davy (GP & MP) (group 1 in Vorster, 2004). In terms of
their stem morphology, these species usually have relatively narrow,
compactly arranged leaf base scars (visible as ‘bark’ on the outer part
of the stem), due to their comparatively narrow petioles. Except for E.
friderici-guilielmi, the sizes of their leaf base scars are fairly uniform
and do not appear to be as variable as those of the broad green-leaved
species, such as those in the E. natalensis complex (Goode, 2001). E.
laevifolius has slender stems with relatively small, neatly arranged leaf
base scars, usually in clear ‘rings’ corresponding with the size of the
leaves produced in successive leaf production events (Goode, 2001).
Some species in the E. cycadifolius complex also have very woolly
stem apices and/or woolly cataphylls, especially at times of cone and/
or leaf production (e.g. E. friderici-guilielmi, E. ghellinckii and E. lanatus;
Goode, 2001).
Market specimens identiﬁed as E. ghellinckii differed markedly
from all the other specimens due to their very narrow leaf bases
that were salmon-pink when fresh (Tables 1 & 3). The other species
generally possessed broader leaf bases that were mostly creamy-
yellow to light brown when fresh (Table 1). The stem from a dead
E. lanatus plant from the Lowveld Botanical Gardens, Nelspruit, had
leaf bases very similar in size, shape and colour to those of the
E. ghellinckii specimens (S.R. Cousins, pers. obs.), which suggests
that these are shared traits amongst the species in the E. cycadifolius
complex. In addition, the outer parts of the E. ghellinckii samples al-
most always showed evidence of charring by grass ﬁres, a feature
not observed in any of the other species except the occasional
E. natalensis sample (Tables 1 & 2). The E. ghellinckii specimens also
possessed greyish wool around the edges of their tightly packed,
relatively uniform leaf bases. Besides the otherwise distinctly different
E. villosus stem fragments, none of the other specimens had woolly
stems. Hence, the species in the E. cycadifolius complex (also known
as ﬁne-leaved, woolly-coned species) separate out from the other com-
plexes, which all comprise the so-called broad-, green-leaved species,
fairly easily. This dichotomy therefore provides oneof the ﬁrst,most im-
portant steps in identifying South African Encephalartos stem material.
The E. ngoyanus stem sections encountered in the Faraday market
were unique due to their narrow, cylindrical shape and small, com-
pact leaf bases (Tables 1–4). Since E. ngoyanus has subterranean
stems, harvesters dig up the entire plant because the removal of
bark strips from the outer parts of the stem is not possible. The
E. ngoyanus stems were sliced up by the traders and sold in a manner
similar to S. eriopus – another subterranean-stemmed South African
cycad with cylindrically-shaped caudices that are frequently sold in
TM markets (Osborne et al., 1994). E. ngoyanus belongs to a group
of six subterranean-stemmed Encephalartos species (Group 4 in
Vorster, 2004) that includes Encephalartos caffer (Thunb.) Lehm.,
which has a very similar growth form to that of E. ngoyanus. While
leaﬂess E. ngoyanus stems are virtually indistinguishable from those
of E. caffer, E. ngoyanus is found only in KZN, whereas E. caffer is
found predominantly in the EC and their distributions do not overlap.
It is therefore highly unlikely that the specimens purchased from the
markets were actually E. caffer.
Encephalartos ngoyanus and E. caffer are dissimilar to the other south-
ern African subterranean-stemmed species (E. aplanatus Vorster, E.
umbeluziensis R.A.Dyer and E. villosus), which all possess much larger
leaves, and hence larger leaf bases. E. villosus also has neat fringes
of ‘wool’ on the peripheries of its leaf bases (Tables 1 & 2), and since
E. villosus is closely related to E. umbeluziensis and E. aplanatus, it is quite
possible that their leaf bases also have this feature. E. villosus stem frag-
ments occasionally included part of the stem apex; the apex consists of
pointy woolly cataphylls, a feature commonly observed on wild and cul-
tivated plants of this species (Table 2). The stems of E. villosus were also
quite striking in that their leaf bases were generally the longest andwid-
est of all six species (Table 3), and the colour of their upper leaf base
surfaces was yellow–orange as opposed to creamy–yellow (Table 1).
Encephalartos  stem 
fragment 
Determine harvesting locality 
(Province/district/local 
municipality/nearby town) 
Compare harvesting locality with geographical distributions of KZN  
Encephalartos  spp. (see Fig. 2 in Cousins et al. (2012)) 
GROUP 1 
E. ngoyanus 
E. senticosus 
E. natalensis 
GROUP 2 
E. natalensis 
E. villosus 
E. aemulansa 
E. cerinusb 
E. msinganusc 
GROUP 3 
E. ghellinckii 
E. natalensis 
E. villosus 
E. cafferd 
E. friderici-
guilielmie 
GROUP 4 
E. ferox 
E. manikensisf 
GROUP 5 
E. ghellinckii
GROUP 6 
E. senticosus
Fine-leaved woolly-coned 
species: 
E. ghellinckii &
 E. friderici-guilielmi. 
Small, compact leaf base scars 
often with wool in between. 
Detached leaf bases long & 
slender (Tables 1-3) 
Distinguish E. natalensis 
(broad-leaved arborescent) 
from E. villosus (broad- 
leaved subterranean) using 
Tables 1, 2 & 3
E. caffer: broad-leaved 
subterranean-stemmed 
species similar to 
E. ngoyanus 
Distinguish between 
E. natalensis &  
E. villosus using 
Tables 1-4. See 
footnote for other 
three species
Distinguish 
between spp. 
using Tables 
1-4 
Most likely to be E. 
ferox  unless trader 
cites Mozambique 
as the harvesting 
area 
If there is only one specimen,  or many similar specimens 
from a single locality, select the corresponding SDG 
from Fig. 2 in Cousins et al. (2012) 
If there are multiple dissimilar specimens from 
several different localities, then separate the species 
into their corresponding SDGs
Most likely to be  
E. ghellinckii 
Fig. 4. Flow chart outlining the steps taken to identify a KwaZulu-Natal (KZN) Encephalartos stem fragment. a,b,cEncephalartos aemulans, E. cerinus and E. msinganus are all Critically
Endangered (CR) species with extremely restricted distributions and are therefore highly unlikely to be traded for traditional medicine. d,eEncephalartos friderici-guilielmi and
E. caffer have very small distributions in KwaZulu-Natal (KZN); the largest part of their range is in the Eastern Cape (EC). While they are unlikely to be traded in KZN, they cannot
be ruled out as possible species, since they may be harvested in the EC and then transported to the markets in KZN, and potentially from KZN markets to Gauteng. fEncephalartos
manikensis is indigenous to Mozambique where it may be harvested and subsequently transported across the border to KZN.
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using photographs of stem sections in the literature, as well as compari-
sonswith plants in situ or in ex situ cycad collections is difﬁcult since their
underground stems are seldom visible.
3.3. Steps towards identifying all South African Encephalartos species
from stem material
A signiﬁcant obstacle to successful trade monitoring and regula-
tion, and hence wildlife forensic investigations, is the correct identiﬁ-
cation of illegally harvested fauna and ﬂora. Customs ofﬁcials and law
enforcement ofﬁcers, who are required to implement CITES (Conven-
tion on International Trade in Endangered Species of Wild Fauna andFlora) regulations (Burns, 1990), would beneﬁt from tools developed
to assist with species determination. For cycads, the identity of large
specimens in trade is also a critical criterion for successfully complet-
ing Non-Detriment Finding (NDF) assessments (Donaldson, 2008).
Weaknesses in inspection systems globally have been most evident
in plant trade regulation where many national inspectors, who often
receive only rudimentary training, are expected to identify vast num-
bers of species (Burns, 1990). As Heppes and McFadden (1987) ob-
served, CITES may provide an effective framework for preventing
illicit trade in endangered species, but it can be rendered redundant
if national enforcement efforts prove to be ineffective. Hence, thor-
ough training of customs ofﬁcials in CITES member states is vital for
the correct identiﬁcation of plant species and the implementation of
122 S.R. Cousins et al. / South African Journal of Botany 84 (2013) 115–123CITES regulations. To this end, CITES, in collaborationwith various other
organizations, including TRAFFIC International (Trade Records Analysis
of Fauna and Flora in Commerce), are developing up-to-date computer-
driven identiﬁcation keys and web-based identiﬁcation guides for
plants and animals traded worldwide. In South Africa, the development
of a LUCID identiﬁcation key (www.lucidcentral.com) for South African
Encephalartos species by the South African National Biodiversity
Institute (SANBI), the Endangered Wildlife Trust (EWT) and TRAFFIC
is currently underway (T. Rayner, pers. comm.). The key includes de-
scriptions and photographs of Encephalartos leaves, cones and stem
characters, and is purposely designed for use by conservation practi-
tioners and law enforcement ofﬁcials.
There are currently no known published works speciﬁcally fo-
cused on the identiﬁcation of Encephalartos stem material using a
comprehensive set of stem and leaf base morphological characters.
Koeleman (1978) conducted a morphological-taxonomic study on
the leaves of a subset of South African Encephalartos species, the re-
sults of which included photographs and descriptions of leaﬂets, pet-
ioles and leaf bases; however, emphasis was primarily on the tissue
structure of the various leaf parts and not on their externalmorphology.
The ﬁve species for which photographs of leaf base cross-sections were
presented in Koeleman (1978) were E. ghellinckii, E. horridus (Jacq.)
Lehm., E. laevifolius Stapf and Burtt Davy, E. ngoyanus and E. trispinosus
(Hook.) R.A.Dyer. Although some differences between the ﬁve species
in terms of leaf base shape were visible, the absence of entire leaf base
images made correct differentiation difﬁcult. By contrast, the photo-
graphs presented in this paper show details of macroscopic stem char-
acters that donot require examination under amicroscope, and indicate
many clear differences between leaf bases in terms of size, shape and
colouration. Hence, the guide offers a unique approach to identifying
the Encephalartos species in trade and, although it is primarily relevant
to the identiﬁcation of the cycads commonly traded for TM in GP and
KZN, it represents the ﬁrst step towards incorporating comprehensive
stem character descriptions into all-inclusive cycad identiﬁcation tools
such as the LUCID key.
Photographs and morphological character descriptions alone,
however, are unlikely to provide deﬁnitive identiﬁcations for all
Encephalartos species due to frequent similarities in stem and leaf
structure among closely-related species (e.g. the E. natalensis com-
plex). If further DNA sequencing studies building on Rousseau
(2011) are successful in providing satisfactory identiﬁcation barcodes
for South African Encephalartos species, these techniques may then be
incorporated into more integrated identiﬁcation protocols to assist in
cases where identiﬁcation using macroscopic morphological charac-
ters alone is almost impossible.4. Conclusion
This is the ﬁrst known study to present an identiﬁcation guide to the
stem material of any Encephalartos species. Photographs of stem sec-
tions and leaf bases of the six SouthAfrican Encephalartos species inves-
tigated show many clear differences between species, differences that
are otherwise ignored when identifying cycads using other, more
conventionally-used plant parts such as leaves and cones. In light of
the South African cycad extinction crisis, this identiﬁcation guide may
be useful to researchers and law enforcement ofﬁcers faced with the
challenging task of identifying leaﬂess Encephalartos stems in the horti-
cultural and traditional medicine trades. While the guide focuses on
only six Encephalartos species (viz. E. ferox, E. ghellinckii, E. natalensis,
E. ngoyanus, E. senticosus and E. villosus), the identiﬁcation techniques
described here could also be expanded upon and applied to other spe-
cies in the genus. There is an urgent need to develop a comprehensive
photographic identiﬁcation key for the stem material of the complete
set of 37 South African Encephalartos species. Such a key, integrated
with advancedDNAbarcoding techniques,would prove to be extremelyvaluable for identifying leaﬂess Encephalartos stems in trade, andwould
thereby assist in achieving crucial conservation objectives.
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